To determine prevalence of severe fever with thrombocytopenia syndrome in South Korea, we examined serum samples from patients with fever and insect bite history in scrub typhus-endemic areas. During the 2013 scrub typhus season, prevalence of this syndrome among patients suspected of having scrub typhus was high (23.0%), suggesting possible co-infection.
S
evere fever with thrombocytopenia syndrome (SFTS) is an emerging infectious disease caused by a novel phlebovirus in the family Bunyaviridae (1, 2) . The disease is characterized by fever, gastrointestinal signs and symptoms, leukopenia, and thrombocytopenia (1, 2) . Exposure to ticks, weeds, and shrubs have been found to be risk factors (2, 3) .
In South Korea, areas in which SFTS and scrub typhus are endemic overlap (4, 5) . Scrub typhus is caused by Orientia tsutsugamushi, which are bacteria transmitted to humans by chigger mite bites. Scrub typhus is a major public health problem during harvest season in South Korea (October and November); 10,485 cases were reported in 2013 (5) . The clinical presentations of scrub typhus and SFTS are similar; signs and symptoms typically develop within 1-2 weeks of infection and include fever, headache, malaise, and gastrointestinal upset.
In South Korea, febrile patients with a history of bug bites are generally suspected of having scrub typhus and are prescribed antimicrobial drugs (e.g., doxycycline or azithromycin) in the early phases of the disease. We investigated the prevalence of SFTS in patients with fever and a history of insect bites in scrub typhus-endemic areas.
The Study
During scrub typhus season (September-December) in 2013, we collected serum samples from 74 patients at Samsung Changwon Hospital (Sungkyunkwan University, Changwon-si, South Korea) who had fever and a history of bug bites. At the time of patient admission, we tested for antibodies against O. tsutsugamushi by using a commercial immunochromatography kit (SD Bioline Tsutsugamushi Assay; Standard Diagnostics, Yongin, South Korea). For molecular diagnosis of SFTS virus (SFTSV), we performed reverse transcription PCR of partial small RNA segments as previously described (6) . We then performed sequencing by using a BigDye Terminator Cycle Sequencing Kit (PerkinElmer Applied Biosystems, Warrington, UK).
Characteristics of SFTSV-positive and -negative populations were compared by using the χ 2 , Fisher exact, 2-sample t, or Mann-Whitney U tests, as appropriate. Logistic regression was used to identify predictors of SFTS virus infection. Variables for which p value was <0.05 in univariate analysis were candidates for multivariate analysis. All analyses were conducted with SPSS for Windows version 18.0 (SPSS Inc., Chicago, IL, USA).
Among the 74 patients who had fever and a history of bug bites during scrub typhus season, the overall prevalence of SFTS infection was 23.0% (17/74). Detected SFTSV sequences showed 97.0%-99.0% identity with the partial sequence of the small RNA segment from SFTSV strains from South Korea (GenBank accession nos. KR612072-KR612088). No significant differences were found between the 2 patient groups (with and without SFTS) with regard to farming (Table) . Patients infected with SFTSV were much older than those not infected. Among patients infected with SFTSV, clinical presentations of anorexia, nausea/vomiting, and a decreased level of consciousness were more prevalent; lactate dehydrogenase and C-reactive protein levels were remarkably higher; and albumin levels were lower than among patients without SFTSV infection. Incidence of lymphocytopenia was lower among patients with than without SFTSV.
Multivariate analysis revealed that low albumin level at admission (odds ratio 0.19, 95% CI 0.04-0.99; p = 0.049) and anorexia (odds ratio 13.1, 95% CI 2.2-78.7; p = 0.005) were independent predictors of SFTS in patients suspected of having scrub typhus. 
Conclusions
In scrub typhus-endemic areas of South Korea, prevalence of SFTS among patients with suspected scrub typhus is quite high (23.0%). Independent predictors of SFTS in patients with suspected scrub typhus are low albumin level at admission and anorexia. Co-infection with SFTSV and O. tsutsugamushi was suspected for 7 patients. Patients with SFTS experienced a more severe clinical illness; however, outcomes such as death and length of hospital stay did not vary significantly between groups of patients with and without SFTSV.
As an emerging infectious disease, SFTS is an increasing public health threat because of its wide distribution *ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CPK, creatinine phosphokinase; CRP, C-reactive protein; INR, international normalized ratio; IQR, interquartile range; LDH, lactate dehydrogenase; PT, prothrombin time; SFTS, severe fever with thrombocytopenia syndrome. †Asthma, chronic obstructive pulmonary disease, bronchiectasis. ‡Underlying coronary heart disease, chronic heart failure.
and high mortality rate (1, 2) . In South Korea during April-December 2013, a total of 35 cases of SFTS were reported (4). The major signs and symptoms of these 35 patients were fever (100%), gastrointestinal upset (74%), fatigue (74%), thrombocytopenia (100%), and leukocytopenia (100%) (4) . During 2013, the reported mortality rate among patients with SFTS in South Korea was 45.7% (16 deaths/35 patients), which is higher than that reported in China (6%-30%) (1,2). However, our study found a mortality rate of 5.9%, and illness was severe in only 3 (17.6%) patients. A large-scale serologic survey of 2,547 farmers living in rural areas of Jiangsu Province in China (7) found an overall SFTSV antibody prevalence rate of 1.30%, and the farmers seropositive for SFTS did not report having typical symptoms of SFTS. This finding suggests occurrence of asymptomatic or mild cases of SFTS.
In our study, all SFTS patients initially received a diagnosis of scrub typhus because of its seasonality and the similar presentation of the 2 diseases. The Korea Center for Disease Control and Prevention and the National Notifiable Disease Surveillance System reported that during 2013, SFTS occurred mainly from April to September (4). However, we showed that SFTS was also prevalent in October and November (Figure) .
SFTS is mainly transmitted to humans by SFTSVinfected ticks; however, person-to-person transmission by direct contact with infected blood or body fluids has also been reported (8, 9) . Therefore, standard precautions are necessary for healthcare workers in contact with patients with fever and a history of bug bites.
Previous studies have suggested that Haemaphysalis longicornis and Rhipicephalus microplus ticks are the most likely vectors of SFTSV transmission to humans (10, 11) . H. longicornis ticks are widespread in South Korea and their density is high during May-August, when temperatures are usually warm (10) . In contrast, Leptotrombidium scutellare mites are major scrub typhus vectors with high density during autumn (scrub typhus season) (12) . Therefore, for patients with fever and a history of bug bites, physicians in South Korea tend to suspect SFTS during summer and scrub typhus during autumn. In our study, the antibody titer of 1:2,560 in 7 patients suggests the possibility of SFTSV and O. tsutsugamushi co-infection. In China, SFTSV has also been detected by reverse transcription PCR in L. scutellare mites (13) . Therefore, further research is needed to confirm the mite-SFTSV association in addition to the prevalence of SFTSV and O. tsutsugamushi co-infection.
The results of this study suggest that in South Korea, prevalence of SFTS is quite high among patients suspected of having scrub typhus. Signs and symptoms of SFTS can be atypical. Therefore, healthcare workers in contact with patients suspected of having scrub typhus should take standard precautions. 
